INTRODUCTION
The application of tissue culture technology to the improvement of the barley crop depends upon the ability to initiate, maintain and manipulate in vitro cultures. Performance in culture of a range of crop plants has been shown to be influenced by cultural practices and media components (Bayliss and Dunn, 1979; Green, Phillips and Kleese, 1974; Sears and Deckard, 1982) . More recently it has been confirmed that the genotype of an organism can influence its in vitro development. The ability to regenerate plants from callus culture has been shown to be under genetic control in such species as: alfalfa (Bingham ef a!., 1975), red clover (Keyes, Collins and Taylor, 1980) , wheat (Lazar, Collins and Vian, 1983) , maize (Tomes and Smith, 1985) and barley (Hanzel et a!., 1985; Goldstein and Kronstad, 1986 ).
In a previous paper (Powell and Dunwell, 1987) factorial experiments were employed to assess the relative importance of genotype and media on the performance of barley immature embryos in culture. Such an approach may be used to identify barley genotypes amenable to culture. A further advantage to such experimentation is * Present Address: Department of Agricultural Botany, Plant Science Laboratories, University of Reading, Whiteknights, Reading RG6 2AS, U.K. that a genotype's sensitivity to culture conditions, in their broader context, may be ascertained. Powell and Dunwell (1987) have shown that a two-dimensional assessment in terms of mean performance and sensitivity is required in order to describe a genotype's performance in culture. The experiments reported in the present paper were designed to describe the extent and nature of the genetic control in mean response of immature barley embryos in culture and their sensitivity to varying concentrations of 2,4-dichiorophenoxyacetic acid (2,4-D) .
MATERIALS AND METHODS

Experimental material
A 5 x 5 diallel set of crosses (including parents and reciprocals) was performed between the following spring barley genotypes: 4082, Apex, Doublet, Heriot and Golden Promise. The material was maintained in a glasshouse with a minimum 16-hour photoperiod at a temperature of 20-30°C. Florets were emasculated by clipping the lemma and palea, the anthers were then removed using fine forceps (Pope, 1944) . In order to avoid effects associated with clipping the lemma and palea during hybridisation, the parental genotypes were also clipped at anthesis.
Culture of immature zygotic embryos
Caryopses containing embryos 1-2 mm in length were removed from the spike, sterilised for 15 mins in 2 per cent sodium hypochiorite, with Tween 20 to act as a wetting agent, and were then washed in sterile distilled water. Embryos were excised arid placed with the scutellum uppermost on 20 ml of solidified medium (agar 0.7 per cent) at a frequency of five per petri dish (90x 15mm). The medium employed was based on that of Murashige and Skoog (1962) with the major salts at half the recommended concentration, 3 per cent sucrose and 2,4-D at 1, 2, 4 and 8 mg l'. Dishes were sealed with parafilm and incubated at 20 2°C with a 16-hour photoperiod provided by white fluorescent tubes (30 j.E m' s).
After 28 days in culture, each embryo and attached callus was harvested and its shoot and root length (SL and RL respectively) recorded. After blotting with paper tissues the fresh weight (F.Wt.) was then recorded. After drying overnight at 35°C, the dry weight (D.Wt.) was recorded and subsequently the water content (Wat) calculated.
Experimental design and statistical analysis The experiment was a randomised complete block design with two replicates. Each genotype was represented by ten embryos within each environment (differing concentrations of 2,4-D). The statistical analyses were performed according to the methods described by Hayman (1954) . The variance (Vr) and covariance (Wr) analysis developed by Jinks (1954) was also used in the genetic assessment of the variation. It should be noted that F.Wt., D.Wt. and Wat are not completely independent of one another in that the last is obtained by estimating the difference in the other two. RESULTS 
AND DISCUSSION
Preliminary analyses of the data revealed large, significant correlations between mean and variance (scalar effects) for all the characters measured indicating that the scales on which the characters were measured were inadequate. The data were therefore subjected to a square root and eventually fourth root transformation. The results of these transformations on the correlations between means and variances for the five characters are given in table 1. The x"4 transformation reduced the magnitude of the correlation to insignificance and subsequent analyses were based on the data transformed in this manner.
Mean performance for each character, Considering mean performance, significant additive genetic variation was observed for F.Wt. and SL. Significant levels of dominance variation were detected for all the characters scored. The b1 term is significant for F.Wt. while the b2 and h3 terms are significant for all the characters scored. However, the most striking feature of these analy- Jinks and Mather (1955) , Paxman (1956) and Broadhurst and Jinks (1966) in suggesting that heterozygosity per se does not confer greater stability.
To investigate further the underlying genetic control, the covariance-variance (Wr, Vr) relationship (Jinks, 1954) was examined for both mean performance, averaged over concentrations of 2,4-D, and sensitivity. The variance (Vr), along with the covariance between F1's and the non-recurrent parent ( Wr) of each array, was calculated for replicates separately and the Wr + Vr, Wr -Vr analysis applied (Mather and Jinks, 1982) . This revealed that the necessary criteria (i.e., no significant WrVr differences and significant Wr+ Vr effects) for both mean performance and sensitivity were only fulfilled in the case of SL and even for this character, in the Wr + Vr analysis the ratio between the mean square for arrays and that for replicates was just formally non-significant (P=0.2-01).
The results of these analyses of variance together with the joint regression analyses are given in table 4. These indicated that estimates of the regression coefficients from the two blocks were consistent and in agreement with a line of unit slope. The significant non-additive genetic variation detected by the Hayman analysis of variance for these characters can mainly, therefore, be attributed to dominance effects rather than to non-allelic interactions. genotypes and a narrow sense heritability estimate of 38 per cent was obtained. For SL sensitivity H2 is larger than H1 and a narrow sense heritability of 936 per cent was obtained.
The present results demonstrate that both mean performance and sensitivity of in vitro response are clearly under genetic control and amenable to genetic analysis in the same way as more conventional characters. It is also of interest, however, to examine genotypic responses in each environment i.e., in each concentration of 2,4-D. The mean scores for: F.Wt., D.Wt., Wat, SL and RL in each of four concentrations of 2,4-D are given in table 5, along with estimates of the genetic variation calculated from the expected mean squares. The greatest variation between genotypes for the characters F.Wt., D.Wt. and Wat was observed when 2 or more mg 1 ' of 2,4-D were included in the media. It can also be seen that for these characters 2 mg l resulted in maximum mean expression. This is in contrast to the genotypic response when measured in terms of SL and RL where maximum mean performance was observed in media containing 1 mg ' of 2,4-D. Shoot and root development would therefore appear to be very sensitive to levels of 2,4-D in excess of 1 mg l1 and its concentration can be manipulated to induce a desired level of phenotypic expression.
The genetic variation observed in each environment may be examined further by the analysis of variance of diallel tables. The Hayman analysis of Specific reciprocal differences (c) were observed in media containing 2 or more mg 1_i of 2,4-D. A significant d item was observed in media containing 8 mg 1_I. With respect to Wat there were significant additive genetic differences between the genotypes at the four concentrations of 2,4-D.
There was also evidence for dominance variation, including overall dominance (b,), dominance within specific arrays (b2) and dominance unique to particular F1's (b3). Large reciprocal differences were expressed when embryos were cultured in media containing high levels of 2,4-D.
For both SL and RL, additive and non-additive effects were detected. Dominance variation decreased as the concentration of the auxin However, it should he noted that at 8 mg 1' this genetical parameter had the largest mean square. The graphical presentation of the data for SL indicates the relative ranking of the genetical parameters. Such a ranking system may be of value during in vitro selection procedures. Thus, a strategy designed to select for SL in the presence of 2,4-D would need to maximise the relative magnitude of the additive genetic variation as well, perhaps, as mean expression. Reference to fig. 3 indicates that the maximum additive genetic variation was expressed in media containing 1 mgF' of 2,4-D, this environment also corresponded to the one which induced maximum shoot development.
CONCLUSION S
The effects of genotype on barley callus growth and differentation have been reported previously (Goldstein and Kronstad, 1986; Hanzel ci at., 1985) . However, this is the first reported study of a detailed genetical investigation of in vitro response in barley. The identification and screening of useful genotypes for callus growth and differentiation is a pre-requisite for the application of tissue culture techniques to barley breeding programmes. In a previous paper (Powell and Dunwell, 1987) it was emphasised that two aspects of a genotypes performance in culture must be considered, i.e., mean performance and sensitivity.
In the present report both these parameters were analysed and their underlying genetic control detailed. Additive and non-additive factors were clearly implicated in the determination of in-vitro response to 2,4-D. Furthermore, the relative importance of these parameters was shown to change in response to different media. In vitro response in media containing 2 or more mg I of 2,4-D was characterised by the presence of large c and d effects, i.e., large reciprocal differences. Such differences may not necessarily he due to cytoplasmic factors alone. Maternal or mother tissue effects may also be involved (Jinks, 1964) . However, a distinction between these two genetic systems is important since genuine cytoplasmic control would suggest that DNA located in the chloroplasts or mitochondria is responsible for aspects of barley development in culture, It would also, of course, show a matrilinear pattern of inheritance which could readily be amenable to manipulation.
